
1 The Intermediate STAR Tra
kerThe Intermediate Sili
on Tra
ker (IST) 
onsists of a barrel of approximately 0.4m
2 of sili
on padsensors at a radius of 14 
m. The sensors are supported by 24 
arbon �ber ladders, whi
h are tiledfor maximum hermiti
ity. Figure 1 shows a SolidWorks model of the IST. Table 1 gives the mostrelevant spe
i�
ations. Radius 14 
mLength 50 
mNumber of ladders 24Number of hybrids 72Number of sensors 144Number of readout 
hips 864Number of 
hannels 110592R-φ resolution 172 µmZ resolution 1811 µmTable 1: Spe
i�
ations for the IST.Together with the Sili
on Strip Dete
tor(SSD) the IST provides the intermediate spa
e pointsthat ties the tra
king in the Time Proje
tor Chamber (TPC) and the tra
king in the 2 PIXELlayers together. The best �gure-of-merit for the total Heavy Flavor Tra
ker tra
king 
apabilitiesis the �nal D0 re
onstru
tion e�
ien
y. Determining this e�
ien
y involves extensive GEANTsimulations and analysis. However, for the IST and the SSD, it is su�
ient to optimize these layersfor a high HFT+TPC single tra
k re
onstru
tion e�
ien
y. How IST and SSD work together withPIXEL and TPC to re
onstru
t single tra
ks is a major ingredient for the �nal D0 re
onstru
tione�
ien
y. However, the a
tual D0 re
onstru
tion is the sole task of the 2 PIXEL layers. To optimizethe HFT single tra
k e�
ien
y a fast simulation 
ode was used to determine the optimum radiusof the IST barrel and the internal geometry of the sili
on pad sensors. Se
tion 1.1 dis
ussed these
hoi
es in detail.The IST has to be fast enough to work together with other, sometimes already existing, STARdete
tors. It should also be able to fun
tion propery still after being irradiated during its proje
tedlifetime. Se
tion 1.2 des
ribes, amongst others, the 
onstraints on the IST by the experimentalrequirements and the subsequent hardware 
hoi
es.Se
tion 1.3 gives an overview of the 
hosen hardware 
omponents. This se
tion fo
usses on the
omponents whi
h are lo
ates on the IST barrel. The readout and slow 
ontrols are des
ribed inse
tion 1.4.Sin
e the IST is part of an a

urate tra
king devi
e its internal and external spatial alignmentare dis
ussed separately in se
tion 1.5.1.1 IST Optimized GeometryThe Intermediate Sili
on Tra
ker is lo
ated between the outer layer of the PXL dete
tor and theSSD. Taking me
hani
al 
onstraints into a

ount a possible radius range is from 12 to 20 
m. Thisradius has to be optimized for re
onstru
tion e�
ien
y while keeping the SSD and IST redundan
yin mind. The IST barrel will 
over the full a

eptan
e of the STAR TPC, i.e. 2π 
overage for -1 <

η < +1.At the highest RHIC energy of 200 GeV for Au+Au 
ollisions the 
harged parti
le density at aradius of 12 
m 
an easily ex
eed one per 
m2. The sili
on sensors need to be divided into padssu
h that the o

upan
y of the individual pads do not ex
eed a few per
ent. The o

upan
y is fully
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determined by the number of a
tive elements and 
an be rea
hed by di�erent sensor geometries.What has to be taken into a

ount is the double-hit probability within the sear
h area on the ISTsensors resulting from the pointing resolution of the TPC and SSD. Figure 2 shows the o

upan
yof a sensor with 768 a
tive elements and the fra
tion of hits that are a

ompanied by one or morehits in the sear
h area. In the 
ase of a sili
on strip dete
tor the sear
h area is de�ned by the widthof the sear
h area and the length of the strips. At the proposed radius of 14 
m more than 10%of the tra
ks would result in ambiguous IST hits. For the proposed sili
on pad sensors this dropsto about 1%. The number of a
tive elements is determined by the density, with whi
h the readout
hips 
an be pa
ked on the hybrids.

Figure 1: O

upan
y [blue 
urve℄ and double-hit fra
tion for a sili
on strip dete
tor[green 
urve℄ and a sili
on pad sensor [red 
urve℄.Sili
on pad sensors are well suited to the RHIC environment and proved their suitability in thePHOBOS experiment. Figure 3 shows a study of the single tra
k �nding e�
ien
y of the HFT as afun
tion of the pad layout of the IST sensors. The better resolution (the size of the pads on the y-axis) is in R-φ, the bending plane. From these studies it was determined that 768 
hannels arrangedin strips of roughly 600 µm x 6000 µm provide an e�
ien
y of about 83%. Going to more 
hannels
ould give a slightly better e�
ien
y but would lead to spa
e problems when trying to mount morereadout 
hips on the hybrids. The right plot shows the e�
ien
y when hits from the SSD are notin
luded in the tra
king. In this 
ase the single tra
k �nding e�
ien
y de
reases to 73%. This hasto be 
ompared to 50% if the IST would not be there and only the TPC would provide tra
king tothe PXL. Thus, the IST adds in an essential way to the e�
ien
y and redundan
y of the HFT.
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Figure 2: Single tra
k �nding e�
ien
y for di�erent R-φ and Z pad sizes of theIST. The solid line shows an iso-line for 768 readout 
hannels. The left panel showsthe e�
ien
y when hits from the SSD are in
luded. In the right panel the SSD hitsare not in
luded in the tra
k. Parti
les tra
ked are kaons at 750 MeV/
.The e�
ien
y of the whole inner tra
king system is determined by an intri
ate interplay of thedete
tor layer radii, resolutions and thi
knesses. Sin
e these 
hara
teristi
s are mostly �xed for PXLand SSD, varying the radius of the IST barrel for a 
ertain internal sensor geometry makes it possibleto optimize the radius with respe
t to the single tra
k e�
ien
y qui
kly. Figure 4 shows a 
al
ulationof the single-tra
k e�
ien
y as a fun
tion of the IST barrel radius. Although the dependen
e israther weak it is 
lear that 14 
m will give the best e�
ien
y. This 
an be understood from thefa
t that IST is lo
ated roughly halfway between the outer layer of the PXL and the SSD.

Figure 3: Single-tra
k e�
ien
y as a fun
tion of the IST barrel radius. The assumedinternal sensor geometry was 600 µm in R-φ and 6000 µm in Z.1.2 Experimental RequirementsThe most relevant experimental 
onstraints are data taking rate 
apabilities, radiation levels andthe material budget. The data rate and radiation levels are 
onstrained by the RHIC environmentand have to be taken into a

ount in the sensor and readout 
hip 
hoi
e. The material budgetis 
onne
ted to the tra
king 
apabilities of the inner tra
king system, but has also a large impa
t
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on the 
apabilities of more outward lo
ated dete
tors and their asso
iated physi
s programs. Therequirement to design a low mass IST with su�
ient me
hani
al rigidity has led to the 
hoi
e ofstate-of-the-art materials.

Figure 4: SolidWorks model of the IST.The IST should be able to operate without signi�
ant event pile-up for 200 GeV Au+Au 
ollisions.Therefore, the IST has to be able to resolve intera
tions from ea
h beam bun
h 
rossing whi
h areo

urring every 107 ns. The spin program at RHIC relies on individual beam bun
h 
rossings toset and determine the relative spin orientations in the proton beams. Also here the IST has to beable to resolve individual beam bun
hes.The intrinsi
 resolution of the IST is required to provide su�
ient pointing a

ura
y for the PXLlayers. This is more 
riti
al in R-φ 
ompared to the Z dire
tion. A resolution at the level of 200
µm in the R-φ plane will provide the needed pointing a

ura
y as dis
ussed earlier.Extrapolating the radiation doses re
eived by the RHIC experiments during the past RHICoperations, it is expe
ted that the total radiation dose for the IST barrel will not ex
eed 30 kRadper year. Both the sili
on sensors and the readout 
hips on the hybrids are required to be fullyoperational after 10 years of operation.The mass requirements for the IST are de�ned by the heavy ion physi
s requirements in themid-rapidity region and by the W−boson spin physi
s program for more forward rapidities. Tomake the multiple Coulomb s
attering 
omparable to the dete
tor resolution the thi
kness of theIST layer has to be less than or equal to 1.5% of a radiation length.Readout ChipsThe APV25-S1 
hip was 
hosen for reading out the IST sensors be
ause it met the requirementsand is readily available. This readout 
hip was developed for the CMS sili
on tra
ker, whi
h is usingabout 75,000 of these 
hips. The radiation hard produ
tion pro
ess of the APV25-S1 will enable towithstand at least 2 orders of magnitude more in radiation load 
ompared to what is expe
ted to bea

umulated during the lifetime of the IST. The 
hip is fast enough to handle the RHIC intera
tion
lo
k, even with multiple intera
tions during p+p running. Moreover, the 
hip is already used
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su

essfully for reading out the COMPASS triple-GEM dete
tors and will also be used to read outthe STAR Forward GEM Tra
ker (FGT).Hybrids and LaddersTo meet the requirement of the IST to have on average a thi
kness of less than 1.5% X0, spe
ialattention has to be paid to the 
hoi
e of materials for the hybrids, 
ables and ladders. For the
ables Kapton with 
opper 
ondu
tors was 
hosen. Although aluminum 
ondu
tors would makethe 
ables even lighter, they also would make them more di�
ult to produ
e and mu
h more fragile.The radiation length requirement makes it not desirable to use a 
erami
 substrate, like AlN, forthe hybrid. A 500 µm thi
k AlN substrate would already 
ontribute 0.6% X0 while being extremelyfragile. A 250 µm thi
k G10 substrate would only add 0.13% X0, but still the Kapton 
able wouldhave to be 
onne
ted to this hybrid. Manufa
turing the hybrid and 
able out of one pie
e of Kapton
ir
umvents 
onne
tion problems and was 
hosen as the most elegant solution. Sin
e the 50 µmthi
k Kapton is not self-supporting a proper supporting material is required. Using 250 µm thi
k
arbon �ber leads to a thi
kness of 0.11% X0 while providing the required me
hani
al rigidity.A honey
omb 
arbon �ber stru
ture with 
arbon �ber skins was 
hosen for the IST ladders.These use the same 
onstru
tion te
hniques and fa
ilities as used for the ATLAS sili
on tra
kerupgrade and add about 0.4% X0 to the IST layer, in
luding liquid 
ooling. Copying the ATLASdesign in the same fa
ility greatly redu
es the engineering e�ort and 
ost of the ladders. Also, sin
ethe IST ladders are only half the length (50 
m) of the ATLAS ladders, the design is 
onservativewith respe
t to strength and gravitational sag.CoolingThe expe
ted heat dissipation for the IST is 11 W per ladder, 264 W for the whole system.Although an air 
ooling system probably will be able to 
ool the IST, it is felt that a liquid 
oolingsystem will be able to perform this fun
tion in a more 
onsistent way. A liquid 
ooling system willadd at most 0.2% X0 to the system.Readout SystemThe Forward GEM Tra
ker is also using APV25-S1 readout 
hips. This system will be opera-tional 2 years before the IST. In order to redu
e the ele
troni
 engineering e�ort and to unify asmany STAR readout systems as possible, the IST will use as mu
h as possible of the FGT readoutsystem. An e�ort is being made to design the FGT readout system su
h that it 
an be used alsofor the IST with as few alterations as possible.1.3 IST Components1.3.1 The Sili
on Pad SensorsThe manufa
turing te
hniques for sili
on sensors are well established and are mastered by severalmanufa
turers. The preferen
e is to produ
e single sided devi
es with p-implants on n-bulk sili
onusing poly-sili
on resistors. Su
h sensors are relatively easy to produ
e with high yield and 
analso be handled without mu
h di�
ulty in a standard semi
ondu
tor lab. In 
ontrast, double-sideddevi
es have a lower yield (thus more expensive) and need spe
ial equipment to handle them.Figure 5 shows the internal layout of the IST sili
on pad sensors. The a
tive elements arearranged in su
h a way that the best resolution is in the bending dire
tion, i.e. R-φ. Along thebeam dire
tion, the resolution will be ten times larger. The sensors will be roughly 7.7 
m x 4 
mwith 768 
hannels. All 
hannels are AC 
oupled and 
onne
ted through a se
ond metal layer tobonding pads on one long edge of the sensor. From the manufa
turing point of view this designis reasonably standard. Preliminary dis
ussions with Hamamatsu showed that they are able toprodu
e su
h sensors within the proposed budget.Hamamatsu is the preferred vendor be
ause of their ex
ellent tra
k re
ord with respe
t to thequality of their produ
ed sensors. This will greatly redu
e the amount of quality 
ontrol that hasto be performed for these sensors. It will be su�
ient to fully measure the 
hara
teristi
s of oneor two samples per produ
ed bat
h of about 20 sensors. Moreover, Hamamatsu uses design rules,
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whi
h make their sensors radiation hard. Therefore, we foresee no performan
e degradation duringthe expe
ted IST lifetime. [Warning: Image ignored℄Figure 5: The sili
on pad sensor internal layout.1.3.2 The Readout ChipsAbout 100k 
hannels will be read out in the IST. Readout 
hips with the ne
essary requirementsfor this system are already being used for similar purposes by other experiments. We 
hose theAPV25-S1 readout 
hip.1 Ea
h 
hannel of the APV25-S1 
hip 
onsists of a 
harge sensitive ampli�erand shaper whose output signal is periodi
ally sampled at up to 40 MHz (the LHC intera
tion rate).The samples are stored in a 4 µs deep analog pipeline. Following a trigger, the data in the pipeline
an be pro
essed by an analog 
ir
uit, mainly de-
onvoluting the ampli�er response from the a
tualsignal and asso
iating the signal with a spe
i�
 bun
h 
rossing. The resulting analog data 
an thenbe multiplexed and sent to digitizer boards. Although the analog data lead to higher data volumesat the front-end, it is an advantage that 
harge-sharing between strips and 
ommon mode noise 
anbe studied in detail, whi
h greatly improves the understanding and performan
e of the dete
tor.The equivalent noise 
harge (ENC) of the APV25-S1 depends on the 
apa
itan
e of the strips andthe de-
onvolution algorithm used. For our purposes, the noise is better than 2000 ele
trons. With300 µm thi
k sili
on sensors this will give a signal-to-noise ratio of better than 11:1 based on the mostprobable energy deposition by a minimum ionizing parti
le (MIP). The nominal power 
onsumptionof the APV25-S1 
hip is 2.39 mW per 
hannel, i.e. about 0.3 W per 
hip. The 
hips have beenfabri
ated in a radiation hard deep sub-mi
ron (0.25 µm) pro
ess.1.3.3 Hybrids and ModulesThe layout of an IST module 
an be seen in Figure 6. The hybrid 
arries 2 sensors and 12 readout
hips. There will be a gap of 400 µm between the sensors. Overlapping the sensors would lead to
ompli
ations in the assembly pro
ess. These a

eptan
e gaps will be 
ompensated be
ause of theredundan
y between SSD and IST. An interesting feature, whi
h is not visible in this pi
ture, is thatthe 
able will be folded over to the ba
kside of the ladder on whi
h this module will be mounted. Inthis way the 
ables do not obs
ure visual a

ess to the modules, whi
h is needed for spatial surveypurposes and inspe
tion.

1 M.J. Fren
h et al., Nu
l. Instrum. Meth. A466, 359 (2001).
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Figure 6: Layout of an IST module.To keep the material budget low the IST hybrids and modules have to be 
onstru
ted from lowmass materials. Figure 7 shows a promising prototype Kapton hybrid design with an integratedlong Kapton 
able. Both hybrid and 
able are about 70 µm thi
k. The hybrid will have to belaminated onto a proper substrate material to a
hieve enough me
hani
al rigidity. Carbon-
arbonand 
arbon �ber are being prototyped to study their me
hani
al and thermal properties. In the�nal design the �exible 
able will be long enough to be 
onne
ted to more standard 
ables outsidethe a
tive area.For this prototype four PHOBOS Inner Vertex sensors were used be
ause there were no ISTprototype sensors produ
ed yet and be
ause the PHOBOS sensors are very 
lose to the sensors usedin the IST. The PHOBOS sensors are sili
on pad sensors with 512 a
tive elements per sensor, theelements are AC 
oupled to the 2nd metal signal tra
es that 
onne
t to the bonding pads. TheKapton hybrid was laminated to a 500 µm thi
k 
arbon-
arbon substrate. Power, 
ontrol andreadout 
onne
tions were wire bonded to the hybrid. As a �rst test only ¼ of the sensor elementswere wire bonded to the readout 
hips. First tests show that the 
hips are fun
tional and that thesensors are being read out as expe
ted.

Figure 7: IST prototype with 4 PHOBOS IV sensors and 16 APV25-S1 readout 
hips.1.3.4 Me
hani
al Support Stru
tureThe IST barrel will 
onsist of 24 ladders, whi
h are mounted on a 
arbon �ber support 
ylinder.This Middle Support Cylinder (MSC) is des
ribed in Se
tion Error: Referen
e sour
e not found.

7



Figure 8: Long IST prototype ladder made out of 
arbon �ber honey
omb and
arbon �ber skins. This prototype has one 
ooling 
hannel.This ladder is a shorter version of the staves under development for the ATLAS tra
king upgrade.Be
ause they are shorter they are even more rigid than the ATLAS staves and it is expe
ted thattheir midpoint sag will be less than 100 µm when only end supports are used. A prototype ladderhas been produ
ed, as shown in Figure 8, and is being tested.A more detailed 
ross-se
tion of the ladder and mounted modules 
an be found in Figure 9.This design shows the 300 µm thi
k sili
on sensor, the 300 µm thi
k APV25-S1 readout 
hip, the100 µm thi
k Kapton hybrid-
able, the 500 µm thi
k 
arbon-
arbon substrate and the 5 mm thi
k
arbon �ber ladder with 
ooling tube. It also shows ni
ely how the Kapton hybrid folds over to theba
kside of the ladder where it is routed out to the readout system. The 
arbon-
arbon substratenot only gives me
hani
al rigidity to the module, but also a
ts as a heat sink to transport heat fromthe readout 
hips to the 
ooling tube in the ladder.

Figure 9: Cross-se
tion of the ladder and modules. The Kapton hybrid shown ingreen is folded over to the ba
k side.
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Figure 10: Ladder '
lip' mounting of the IST ladders onto the supporting 
ylinder(ISC).It is expe
ted that the ladder mounting s
heme will follow the ATLAS upgrade design e�orts.Figure 10 shows a s
hemati
 impression of the ATLAS mounting s
heme. Here the ladders aremounted with 
lips on the MSC. Be
ause of the shorter length of the IST ladders it is su�
ient touse endpoint supports only. One end of the ladder would be kept �xed while the other end allowsthermal expansion. A 
lamshell interfa
e is required on whi
h the ladders are mounted �rst. This
lamshell 
an then be opti
ally surveyed to determine the sensor positions before it is being mountedon the ISC.A prototype of this 
lip-on design has been prepared, as shown in Figure 11, and is 
urrentlyunder investigation.

Figure 11: Rapid prototype of the IST ladder mounting stru
ture.The me
hani
al support stru
ture will be manufa
tured with an overall a

ura
y of 100 µm.Lo
ally, the stru
ture supporting the IST requires an a

ura
y of less than 100 µm. For instan
e,the mounting surfa
es of the sensor modules will have to be �at to within 50 µm to avoid stress onthe sensors.
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Figure 12: Phi averaged material budget for the IST as a fun
tion of rapidity.Figure 12 provides a realisti
 estimate of the IST material budget by des
ribing ladder and moduledesigns in a GEANT geometry. These results were obtained by propagating 100,000 geantino eventsthrough the IST geometry using GEANT 3.21/08. The material budget at mid-rapidity is well belowthe required 1.5% X0. The MSC and support 
lips where not in
luded in this 
al
ulation. TheKapton readout 
ables only running in the negative rapidity dire
tion 
auses the asymmetry in thematerial budget.1.3.5 CoolingThe only sour
e of dissipation on the ladders is the 36 APV25-S1 readout 
hips. Although thenominal power 
onsumption is about 300 mW per 
hip, the �nal power 
onsumption depends onthe 
apa
itan
e of the atta
hed sensor 
hannels and 
onsequently the optimal settings of the 
hipparameters. For safety margin a maximum dissipation of 400 mW per 
hip is assumed. This leadsto a dissipation of about 15 watt per ladder, 360 watt for the whole IST barrel. Trying to 
ool thiswith air only was 
onsidered too daunting and liquid 
ooling 
hannels were in
orporated in the ladderdesign. The power dissipation of 15 Watts per ladder leads to about 0.6 mW per mm2 dissipationif the heat would spread out isotropi
ally. The pla
ement of the 
ooling tube dire
tly under thereadout 
hips and the use of high thermal 
ondu
tive material like 
arbon foam will make the 
oolingof the ladders manageable with a room temperature 
ooling system. Cal
ulations making use ofFloWorks and SolidWorks are underway to determine the optimal 
ooling 
on�guration. Figure 13shows a simulation for a Freon 
ooled IST ladder in
orporating a �attened 
ooling tube. In thispi
ture the 
olor 
oded temperature is displayed, showing that the APV25-S1 readout 
hips heat upto about 89° F (32° C). Most of the ladder remains at about 25°C.[Warning: Image ignored℄Figure 13: FloWorks simulation of a liquid 
ooled IST ladder.1.4 Readout System, DAQ Interfa
ing and Slow ControlsTwo 
ustomized Wiener VME readout 
rates will house the 36 readout boards (ARM) and 6 
rate
ontroller boards (ARC). The boards are of standard 6U x 220 mm size; the 
rate inter
onne
tsthese boards with standard 7-slot passive CPCI ba
kplanes and provides integrated low noise 5 Vpower supplies. The 
rate will be mounted on the south ele
troni
s platform next to the STARdete
tor. Ea
h ARM handles two dete
tor 
ables (24 APV 
hips), providing an ADC, data bu�eringand 
ontrol of APV 
hip triggering and readout sequen
ing. The APV 
hip sample 
lo
k is 37.532MHz, phase-lo
ked to the RHIC bun
h 
rossing (9.383 MHz). This stable timing ensures stable
10



e�e
tive gain without the ne
essity of a timing 
orre
tion. The ARM also provides the I2C slow
ontrols interfa
e and isolated low-voltage power supplies to the dete
tor. The ARC interfa
es tothe STAR trigger and to STAR DAQ via the ALICE Dete
tor Data Link (DDL) Sour
e Interfa
eUnits (SIU), the standard for all new STAR DAQ-
onne
ted developments for the DAQ1000, Timeof Flight (TOF), Barrel (BTOW), Forward GEM Tra
ker (FGT) and End
ap (ETOW) tower level2 upgrade. The readout system 
an bu�er up to 4096 events (the maximum number of outstandingevents in STAR) and therefore de
ouples the IST dead time from the data a
quisition system,providing a simple �xed dead time. The dead time depends on operating 
on�guration but willtypi
ally be 11 µs, with a maximum of 26 µs. A Linux box will be lo
ated in the STAR DAQroom and �tted with the ALICE DDL re
eiver boards and a Myrinet interfa
e to the event builder
omputer. A s
hemati
 detailing these 
onne
tions is shown in Figure 14.The slow 
ontrols system will serve as the primary means for 
ontrolling and monitoring theworking parameters of the IST. These parameters, su
h as the hybrid temperature, 
omponent
urrents and voltages will be interfa
ed with the standard STAR alarm system. The alarm systemlogs the parameter history and alerts the shift 
rew if operating limits are ex
eeded. The bla
kdashed lines in Figure 15 show the 
ommuni
ation �ow between the slow 
ontrols 
omputer and thehardware being 
ontrolled. The red solid lines represent the a
tual hardware 
onne
tions, whi
hallow this 
ommuni
ation. The slow 
ontrols for the IST dete
tor and readout 
rates will be handledex
lusively by Ethernet tra�
 to the IST Linux box, through the ALICE DDL link to the readout
rates, and then �nally through the RDOs to the APV's via the lo
al I2C link. There will be noother hardware needed for slow 
ontrols. All power supplies will be �tted with an Ethernet 
ontrolsinterfa
e.

Figure 14: IST DAQ blo
k diagram.Although STAR is using EPICS as its standard slow 
ontrol system there is a slight preferen
eto use LabVIEW instead. LabVIEW provides the user with virtually any instrument driver and avery 
onvenient user interfa
e. LabVIEW runs on both Windows and Linux. It is relatively simpleto interfa
e LabVIEW and EPICS. At the moment, both options are still open.
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Figure 15: IST slow 
ontrols �ow diagram.1.5 Spatial Survey and AlignmentThe IST will have to be aligned with respe
t to other dete
tor subsystems of the inner tra
kingupgrade, PXL and SSD. The �nal alignment will be done with tra
ks through an iterative residualmethod. However, for this method to be su

essful it is important that the positions of the a
tiveelements are known in advan
e with an a

ura
y 
omparable to the resolution of the dete
tors. A5-step plan 
an a
hieve this.The positions of the sensors on the module have to be determined. Internally the stru
tureof the sensors will be known with an a

ura
y of about 1 to 2 µm. This information is obtainedthrough the produ
tion mask drawings of the sensors and a

essed through alignment marks on thesensors. The modules will be built on an assembly ma
hine under 
ontrol of an operator 
he
kingthe pro
ess under a mi
ros
ope. The expe
ted pla
ing a

ura
y is 5 µm. After the modules havebeen assembled they 
an be surveyed with an opti
al survey ma
hine at MIT. The a

ura
y of thisma
hine is about 10 µm in-plane. An out-of-plane 
ontrast measurement leads to an a

ura
y of50 to 100 µm.The same methods will be used for the ladders. Three modules will be glued to one ladder withan a

ura
y of about 5 µm. Then the ladder will be opti
ally surveyed with an in-plane a

ura
yof 10 µm and an out-of-plane a

ura
y of 50 to 100 µm. After the ladder is approved it will beshipped to BNL where an additional survey will take pla
e.At BNL the ladders will be put together in 2 
lamshell 
ylinders that 
an be measured on a
oordinate measuring ma
hine. After the 
lamshells have been put together on the ISC to form theIST barrel another survey needs to take pla
e. Up to this point it should be possible to survey thesili
on sensors themselves. The sensors have the highest internal a

ura
y (1 to 2 µm) and in theend it is their position, whi
h should be known with the best a

ura
y. However, after the 
lamshellhas been 
losed visual a

ess to the sensors will be
ome impossible, espe
ially after the ISC getsintegrated with the rest of the inner tra
king system. It is important to have survey points on theladders, the 
lamshell stru
ture and the ISC, whi
h are visible to the BNL survey group. Thesesurvey points then 'an
hor' the IST inside the inner tra
king system and �nally to the whole STARdete
tor.
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